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Abstract of JP7283206 

PURPOSETo form a plasma device with which the 
ion/radicaf growth ratio of high density plasma can be 
optimum-controiled, and to conduct a highiy precise 
etching. CONSTITUT!ON:A switching 47 is provided 
between a solenoid coil 33, which circulates a bell Jar 
31, and a DC power source 48 which suppfies a 
current to the solenoid coil 33, Induction coupled 



plasma, which Is abound m radicals, is excited by 
heiicon-wave plasma PH containing many ions when 
the switch 47 is on, and by a high frequency electric 
field, generated by an antenna 32 when the switch 47 
is off» or electron temperature may drops while plasma 
density is maintained using the high frequency current, 
to be supplied to the loop antenna 32, as a pulse 
current having the cycle of lOmusec order. 
Consequently, as multiatom ions and muftfatom 
radicals, which are liable to be insufficient in high 
density piasma, are grown at a suitable ratio, an ion 
assist mechanism works smoothly, and high speed 
anisotropic etching can be conducted. 
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ABSTRACT 



ConlEoUing ion/cadical iiatio and monoatoraic^jolyatomic 
radical ratio in a process plasma provides improved pro- 
cessing perfonnance during inductivcly-coi^led plasma 
and/or helicon wave plasma processing of substrate mate- 
rials. In a plasma processing method employing inductively 
coupled plasma, high frequency current to a hig^ frequency 
antemia is intermittently supplied in a controlled manner to 
control the state of gas dissociation to promote f oonation of 
polyatomic radicals. In a plasmaprocessing mediod employ- 
ing helicon wave plasma^ current supplied to a magnetic 
field generator is intecmiCtenily supplied in a controlled 
manner to promote fonnation of ions. la a preferred method 
botii the higft frequency current and magnetic field ^ner- 
ating current are vaned in a controUed manner to provide a 
variable plasma composition. Le., radical rich plasma or 
icm-iidi plasma, as desiied, for in^nroved plasma processing 
espedaliy improved sdecdve aniaotrf^ic dry etdung atbi^ 
etdirate* 

5 daims, 8 Dnnrfng She^ 
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PLASMA PROCESSING METHOD WITH 
CONTICOLLED ION/RADICAL RATIO 

BACKGROUND OF THE XNYKTODN 

1. Held of tiie loventiaii 

This iBvention relates to aplasnia apparatus employed for 
fabncation of, for example, scmicondactor devices, and a 
jiijta i^ m? processing method eiiq>loying sudi plasma appara- 
tus. More particularly, it relates to an apparatus allowing the 
gas dissociated state in a so-called high-density plasma, such 
as inductance-coupled plasma or helicon wave plasma to be 
controlled, andamefiiodfcircairyiiig out plasnta processing, 
sudi as dry etching, using such appaxatufi. 

2. Description of the Related Att 

As the integration degree of senuconductar devices pro- 
ceeds to the stage of VLSIs and fuifher to the stagp of 
ULSIs, slmnkagp in the minimim processing size Is pro- 
ceeding rapidly* For example, a design rule of 0-35 pm is 
adopted in a 64 MDRAM scheduled to be mass-produced In 
the near future. On the laboratory level, studies on ultra-fine 
processing based on the design rule of 0*25 to 0.1 pm arc 
beii^ conducted with a goal towards fabrication of setni- 
conductor devices of the next and next-to-next gen^tions. 

The technique of dry etching consisting in etching a 
sample using ions or radicals in a plasma produced on 
discharge dissociation of an etching gas in a hig)i vacuum 
diamber has contributed significantly to the progress in such 
j&ne processing technology* Among presently en^loyed 
plasma generating systems, Ihc dectcon cydotconxesonanoe 
(ECR) system and tho magnetron 13E system are most 
prevalent 

It has however been found that certain limitations are met 
with the cuiTBiifi^ employed piasma if it is desired to 
produce a fine pattern with the minimum processing size of 

0. 25 pin or ^er, as required in, for example, 256 MDRAMs. 
For example^ a strong magnetic field is cmplaiyed in the 

above»m«itioned BCS. system or magpetron RIB system for 
increasing the plasma density. However, wilh the recent 
process cnoploying a laqge gauge wafer 8 inches m dfamrfrr, 
it is difiELcuIt to produce a unifozm magnetic fidUl over the 
entke wafer surface. Hius the plasma density becomes 
nonuniform wiliun &e wafer plane, resulting in the t^ndenc^ 
for gate insulating films to be destroyed. Another problem is 
that electrical charges accumulated on tfie sufastrafie may 
produce an unusual etcMng shape due to difE'sencc in the 
capture ratio of dectrons to ions with respect to tiie strong 
magnetic field effect in the ion incident direction. 

Such a problem manifests Itself by the generation of side 
etdiing to a W film Se in the etching of an Al/W based 
laminated interconnect film, as shown for example in FIG- 

1, in which the Al/W based laminated interconi^ct film on 
an, interlayer insulating film X is etdied using a patterned 
photoresist 9 and a fluorine-based gas* It is thus seen that, 
while the desired shape anisotiopy is obtained with all film 
2a and a TIN film 3a, making up a barrier metal layer 4£i, an 
Al-1% Si fihn 6a and a TiON antl-rcfiection film 7^ 
side-etching is produced on a W film Se, 

Under the above-mentioned uUta-fine design rule, inUin- 
sic anisolx<q»c etching, based on a clean proem not lesoit* 
ing to sidewaLL protection, is desired. It is however necessary 
in such cases to elongate the mean firee path of Ions 
can^^ing out discharge imder a low gas pressure. 

Sucb low gas pressure disdiaige has an rJirhlng mecha^ 
nism dose to ion sputtering, and Is cmdai in the etching of 
a film of an SiOx based material for wMdi sidewdlprotec- 
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tion is not intrinsically necessitated The reason is lhatt with 
the coming into use of a multi-layer interconnection in a 
stacked capacitor in DRAMs, muUi-layer polysilicon inter- 
connection in a SRAM or a muM-layer interconnection in 
5 logic devices, a process of forming a connection hole having 
a high aspect ratio in a planarized thick SiO^ based insu- 
lating film has made its debut. 

However, under the low ^s pressure, the chemical spe- 
des in the plasma contributing to the etching are lowered in 
.f, density thus raising problems such as alow ctdi rate or a low 
throu^put Consequently for producing vanguard semicon- 
ductor devices, a demand is raised for a plasma apparatus in 
which the magnetic field can be lowered in the vidni^ of a 
substrate and which is capable of generating a high-density 
plasma under a reduced gas pressure. Recently, a number of 
new types of higjh-dciiaiiy plasma apparatus have been 
proposed. 

One of them is a helicon-wave plasma apparatus disdosed 
in IP Patent Kokai (Laid-Open) FUblicatiton No.3-68773 
(1991). Hie plasma generating mccfaamsan of the apparatus 
-20 is that the heUcon wave is generated in a cylindrical diainber 
by generating a magnetic fidd in the diamber and by 
applying the hi^ frequency to a loop antenna wound about 
the diamber and the energy is transported from the hdioon 
wave to electrons through the process cf T .atwlati damping 
25 for accelerating the electrons aodocdSidingtlicmagai^ 
particles for producing a high iomzatLon lalio. Xt is pdssihle 
with the hdicon wave plasma mantns to adueve file ion 
density on the order of 10^^ to KP^/cm^ (16 to 20 mAAnn^ 
in tBcms of theicm conent densiiy) under a low pressure on 
^ theorderof l(]r*Tarr.Bytheway,1heiondeiisl(yadiievable 
wifii die ECEpfAsma apparatus is on the order of lO^Vcm^ 
(10 to 15 mA/cm^ in terms of the ion current density) at 
most, d^ending on the operating conditions ooqaloyed. 
2a the JP Patent KoIekI (laid-0|pea) Pdbiicalion No.8- 
315 112iSS, there is disclosed a plasma apparatus genecating an 
inductivdy coupled plasma (ICP). With the plasma 
apparatus, the hi^ fi:equency power is supplied to a non- 
resonant midli-tum antenna placed about a quartz cylinder 
defining a plasma generating chamber and elecbmns are 
40 rotated in accordance with fiie magnetic field fanned within 
the antenna for colliding the dectrons gainst the gas 
molecules at a hig^ probability. With, such ICP apparatus, the 
ion density on the order of 10** to 10^^/cm^ can be achieved. 
W^tii the above-menticQed helicon wave plasma prooess- 
45 ing apparatus or ICP apparatus, since a Strong magnetic fidd 
sudi as is enq>Ioyed in the conventional ECR system or 
magn^on system is not required for plasisoa generation, the 
inagndLC field in the vicinity of file substrate can be signifi- 
cantly diminished or practically reduced to zero. Thus the 
so nonuniform plasma density, ion oscillations or oblique ion 
inddence under the effects of the magnetic fidd may be 
sigmficantLy reduced for suppressing destrudion of gate 
insulating films or unusual etdiing shape* On the other hand, 
since there is no necessity of employing a costly magnetic 
55 coil or a large-sized nricio-wave generating apparatus^ and 
an extremdy hig^ frequency used not be employed, the 
apparatus may be simp Tified and reduced in size and costs. 
This means a highly meritDrious feature in consideration that 
the future tendency is towards the device fabcicatlDg i^ar 
60 ratus having a muiti-chamber construction. 

However, thm is preseiited sudi a problem that disso- 
datiott of gas molecdes proceeds excessivdy in a low- 
pressure hlgih-density plasma, such as ICP or a heilicon-wave 
plasma, because of the easttcmeily dectron temperature, 
63 as a result of which ioas are generated in an excessive 
amount vdule ladicals are generated in an insufficient 
amount. 
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In general, the hi^ etchrate in dry ebdiingis acfaievedin OBJECTS AND SUMMABY OF THE 

miany cases by a so-callsdionr-assist medianisnxin which the INViiwriON 

chemical reaction induced by xadicals adsorbed on a sasmle - j i 

surface is accelerated by the physical energy biou^t about a is an object of the present invention to provide a plasma 

by ion impact. Tmical of such cases is tiie abov&mentioned 5 apparatus capable of controlling the £on/radical ratio to an 

etcMug of the Al/W laminated Interconnection layet optiraom value even in case of generating a higji-density 

ConsetjuenUy, in a system suffering fixxm shortage in plasma such as a helioon wave plasma or ICP* 

radicals, radical adsorp^on and Ion irradi^n are not it js another object of the pccsont iuveitfion to provide a 

repeated smoothly, thus lowering die etdi lafio. plasma processing mcdiod citable of performing high- 

In case of a system whore ion sputtedng plays the main speed high-precision plasma processings such as dry etching 

part in the efdung mechanism, rdatlve shcBl^ of certahi According to the present invention, there is provided a 

radicals occasionaUy leadtolowmd undedylng layer scOeo- piasma apparams comprising a vacuum vessel for accom- 

tivity. For exan^e, when c-€^e (octafluorocyciobutaDB), a modating a substrate therein, a portion of the wall of die 

weU-known etching gas fior a Ixyer of an SIOx based vacuum vessel being formed of an electrically non- 

materiaUisen^ilcjyedpCFa^.aprecursorQf acaiiHma^^ conductive material, a hi^-frequency antenna placed 

polymer confrfouting to Si selectlvify, is generated in the around the portion of the wail of the vacuum vessel formed 

oonvenitonalmagnetionRIBd^ of tUe electrically non-condactive material, and high- 

aloagwilli 10ns such as CF2 CF3 , mam etching species, for fiicquency electrical firfd control means for high-speed 

fecilftating the progress of high speed higli selectivity etch- switdiing between supply and intoruption of the high- 

mg. However, wi&inlhcKa'dcviceOTh^^ 20 frequency cmrent to the high-frequency antenna. A high- 

processmg ^aratus, dissooatioa of the etdung gas pro- density plasma is generated in this manner in the vacuum 

oeeds excessively, such that monoatonsic active species, vesseL 

such as C* or F*, are generaAed in larger quantities, while ^ . - , - - „ ^ ^ - ... - 

polyatomic ions or pcd^DmEcradicalsfsudi as those given switching of supply/mt«ription of the high fre^ 

SbOTe,aredrasticauV«duccdhiquanti^^^^ „ Z"^""^ by switching die hi^- 

(hepolyuieri2atiourkctionofcad3onaceouspc^ ^ * ^ l^'f^^ 

ind^ to a sufficient extent such that SI sdectivily is ^^T'S^^^ ^^"^ * ^^^T^'^J^^'aI T^ 

lowered. * high-frequency antenna. The pulse length and the duty 

m order to solve this problem, it is contemplated to add T^f^ll*^^'^® *f ^fl 'S*"*^ f^i" 

. 7^ ^„ „ ^ \ ~Mr^7^Z' eration and life of flie active species desired to be generated, 

depositivc gases, sudi as C^^ o^ 30 if the puke mterval is set to 10 psec or thereabouts, it 

system. This meth^ resides mcapu^ excess F* \^ hccoiJ, possible to lower only the electron temperatoie 

taking adva^e of H*rel«sedfiomthe <^o^^^^ to the plasma density is mamtained at approamSely the 

raise the OF ratio Ora^^ 1^^^ ^ intemiption th^ as that diing 

Fatoms) m the etchmg gas system for accelcratmg deposi- cuirent supply tuie. The reason is &at the lehixation time o^ 

pracfically suffideiit selectivity, an excess aniount of fte ten«)eratme is on the order of nanoseconds, 

^«.u»ii:r auiuuEiu. oMcwuYiiy, «i uuuuui ui uu; vrfiaeas the plasma life is longer and atnounts to teas of 

.'^i.^.vH^^^^Hn, inieroseeonds.By suchseomg. fte electron t«anperatui»mny 

delenorate the partidc level or rqproduaTMbQr. ^ periodically diangcdrTwIiile malntainlnrfte niasma 

AS another Hiefcod, the atove-i^tionBd JP I^Mt Kokai discharge, for contcoUing tbe leadion of gas dissociation. 

(Mud-<^ciO Pi*Iiaiton 6.mi66 shows an ICT 40 sheafli iraUage on (he substrate snifioe and the state of 

whidi aplate of dectncally conductive silicon (Si) contain- ^jj^,^ accmmilation in die substrate, 

ing impurities at a faigber oonceutration is enroloyed as a l ^ j ^ • . ■■ , , j 

member equivalent to in upper lid of a high-^mn vesseL , ajyaiatas, mduchvely coupted 

Hie Si plnte captures a partdf fluorine^cals (F*) gener- "^'^^ ^ """"T^ ^^^t^ 

ated in larger quantities in a plasma on its stirfa« and 43 e^P^^S the high-fiequenq^ eneigy x^^^ 

discharges tiie captured radicals out of the high^vacuum ^^^^"^^^''^ ^ J5f ^fS^- ^ 

vesselasSiF;,forWiovingtheSisBlecUvity.T!ieSiplate inducmg the ICP is herdn termed an KP device, 

is rendered electrically conductive so as to be utilized as a ^ magnetic field generating means is provided on the 

laige-area dc grounding electrode for the plasma as well. side cf the high-frequency antenna, a hdicon-wave 

However, smce the Si plate is significantly lower in 50 plasma can be induced withhi the yacuimi vesseL T^^ 

electrical conductivity than metal, it is necessarily laised in mducmg the hehcon-wave plasma is hercm tcmiBd a 

resistance such tiiat there is a risk that the substrate bias iiehcon wave plasma device. 

cannot be not applied effectively. helicon wave plasma device according to the present 

As a further mefliod, there has been proposed in Extended invention has magnetic field controlling means for switching 

Abstract to the 40th Lecture Meeting of the Society of 55 between generation and extmction of the magnetic iield by 

Applied Riysics, Spring Meeting of 1993, page 529, lecture magnetic field generating means, 

number 29p-ZE-S, a method consisting in controlling gas For facilitating the switching of die magnetic field, the 

dissociation using a piUse-modulated ECP plasma. More magnetic field geneiatlng means may be in the form of a 

^cifically, this method resides in temporally controJUng solenoid and the current supply/intemiptio& to the solenoid 

dectron muttipHcation and loss using the pulse-modulated 60 coil may be switched by the above-mentioned control 

micro-wave for varying the plasma decfnm temperature, means, more specificallyi an electtomc switch. The ion/ 

thus suggesting the possibili^ of high predsion etching. radical ratio can be controlled to a desired value by suitably 

However, the BCR plasma apparatus is in need of largo- selecting the duration of the cmrent supply tinue or the 

sized costly equipment, such as solenoid coils or a micro- current duly cycle by such switcbi]]^. 

wave source, and hence is inferior to the helicaa wave €S It is possible for the heUcon wave plasma device aocoid- 

plasma apparatus in economic pnxGtability or space e£S- ing to the present innreiition to have Insthflie high-frequency 

ciency In dean rooms. electical field oontroUii^ means and the magnetic field 
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controlling means. In such case, there are four different the ciischaige tmne per discharge cperation foot cofltroUing 

states of tile presence and absence of the magaetLc field and the state of gas dissodation. The dischar^ tinie and the state 

the high-frequency dcctdcal field, decoding on the switch- of gas dissociation are coirelatBd witii each otiier such that 

ing timing of these two contix}! means. the saturation time of the density of the active species 
According to the present invention, thm is also provided s produced on dissociation of gas molecules dilfeis with the 

a method for processing a substrate accammodated in a ^pes of the active spedes. In general, thelaiger the number 

vacuum vessel by pre-set plasma processing as an dectdcail of constituent atoms in-the active species^ and the larger the 

fijeld is intennfttenCiy geoeiated wjlthin the vacouni vessel. number of diemical bonds to be severed, the shorter is the 

. Spedficalty, the method may be carded out using the ^^sehargG tune required for generating ffacm. Subsequf3ifibr» 

above-mentKonedlCFdeviceorhelicon-waveplasi^ discharge time lasts longer, active species vnSi a 

for perfocming (he pre-set jpiasma processing on &e sub- smaller number of the constituent atoms or monoatomlc 

stcate contained in the 'vacuum vesseL dtenrical spedes are generated in inaeasJug amounts. 

3f the ICP device is en^loycd, the pre-set plasma pro- Unis, l>y setting the duratioa of the supply time of the 

cessing is cardied out by intermittently generating the high- higji-firequenqr current so as to permit desired active species 

frequencydectrlcalfieldby the h^-frequency antenna and tobegeuMtedinidtatlvelylfla^ 

the high-firequency electrical field controlling means. duraHon of the inteiiaption time of the hig}i-£requency 

If the heUcon-wave plasma processing is employed, the cmrent taking Into account the ratio of extinclian of tiie 

plasma processing may be canied out as the magnetic field active spedeaAie to leooinfelnatlon or colliaic^ aga^^ the 

is intemuttentiy genetated by the magn^ field generating waH of Ifac hifiji vacuum devioe, U becomes possible to 

means and die control means, although it is possible to suppress eacoess gas dissociahon and to controL varioas 

control the high-fi:equen<y electrical field as descdbed ratios, sudi as the ion/cadical ratio cn- monoatomic radical/ 

above. The process of perfamiing the plasma processing as polyatomic radical ratio. 

the magnetic fijdd is intermittently generated and dieprwess In this manner, if the present invention is applied to dry 

afperfoiming the plasma processing as the magnetic field is etching of the film of the SiOj^ based material using the 

continuously generated may be combined with each o&er fiuorocarbon based gas« it becomes possible to suppress 

chronologically. Since radicals are generated in larger quan- generation of ^oess F* and to generate ions such as CF,***, 

titifis during intermittent magnetic field generation than CFa* <^ ^ CFa** ^ precursor of the carbonaceous 

during the continuous magnetic field generation, the polymer, at an optimum ratio, sudt that high^'Speed aniso- 
sequence in which the two processes are canied out is „^ tropic etching may be adiicvcd while mamtafning a higti Si 

determined depending on the desired contents of the plasmA selectivity. 

processing. The two processes may also be repeated alteif- In the case of the helicon-wave plasma processing 

nately a desired number of times. apparatus^ a single helicon-waye plasma devic^e may also be 

Sudi plasma ptocessing may be applied to any known utilized as an ICP device fay providing controlling means far 
plasma processing operations, such as dry etchings CVD or 35 switdiing between the genetation and extinction of the 
surface modification. However, the plasma processing may 

ixiagnetic field, thus maifeiiig ft possible to eke out radicals in 

be applied to dcy efecfaing wttib utmost effects since it is shortage in the helicon-wave plasma with those in ICR That 

possible widi the prescntinventign to oantEvd the ionikadical is, die helicon-wave plasma device may be regarded as 

ratio. consisting in the ICP device and magn^c field generating 
For eacample, the present invcnlioa Tm y be advanta- 40 ^^^^ oomhined together. Since the helicon wave is a sort 

gponsly appUed to diy didung consisting in etdiing a fihn of dectro-magnetic waves propagated in the plasma along 

a siUoon compound on a substrate using a fiuQCocarbon the niagnetic lines of faroCf it is not produced in the absence 

based gps. Thoe is iH>paiticDlar limitation to the types of the magnetic £Ald» so tbat the heUcon-wave plasma also Is 

fiuacocacbon CQmpounds» which be any known com- induced. Howevei; tdnoe the ICP is induced by fiie 

pounds used fcr etching the fihnaffhcSiO;^ based maiedai 45 hlgh-£requency antenna placed around the plasima genectf^ 

Since the amount of gena:atlon of F* may be suppressed to diamber even in the absence cf tiie helloan wave in flie 

an optimum level by oontcoUing the gas dissociation for de(vk», radical compessallDn becomes possible as descdbed 

preventing the C/F ratio of the etching reaction system fixmi above, 

being lowered, there is no necessity of employing die Axxoiding to ti» prasent invention, the helicon wave 

depositivehydrofluorocarbon based gas in combination. The 5q plasma lidi in ions may be Induced in the presence of the 

film of the silicon compound is typically a film of a Sip;^ myagnetic field, while IhelCPiich in radicals may be induced 

based matedal, an SiN based material or a SiON based on extinction of Ihe iDagnefic field, sudi liiat the ion mode 

material, or a con^>osite film of these films. Bxan^es of die and the radical mode may be estal^hed at a desired rada 

films of the SiOj^ include a coated film, such as a spin-on- 3f the nrngnetic field generating means is constituted by a 

glass (SOQ) film, and any known SiQx^ based insulating 55 solenoid ayU.t such magnetic field generation/ extinction 

films» f<n3ned by the CVD method, such as a FSG film, a may be achieved by simf^ed electric control, such that &e 

BPSG film or an AsSG film. ion^dical generation ratio may be controlled depending 

Alternatively, the present invention may be applied to dry upon the duty cycle of current application* 

etching consisting in etching an interconnect film on ^e If the heUcon-wave plasma apparatus is appdied to dry 

substrate using a halogen-based gas. Bxanqiles of such 60 etching, the ion-assist mechanism^ which fails to operate 

interconnect film indade any known interconnect films smootbly with the conventional helicon-wave plasma 

usually etched by tibe ion assist mechanism^ such as poly- device, operates satisfactorily, thereby inaproving the etch 

silicon film, polycide film, silicide fiiw, an Al-^based intep> rate. 

connect film or a high-melting metal film. On the other hand, since the state of gas dissociation may 

According to the present invention^ the supply/ 65 be controlled depending on the types cf etching, such as 

intemi^on of the high-frequency current to fiic Mgh- etctdnginneedof ions or etching In need of more radicals, 

frequeiu^ ant e nna m ay be switched at a fastrate for limiting high-precislQn dcy etdnng may be achieved under an optl- 
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mum ion to radical geneiatiaB xatio vidiile 8n[ipDBssIi|g any Ta flie present embodiment, a typical oonstni^lon of an 

unusual etching shape. 3jCP etcUng device having higb-fioeqaeucy dcctrical field 

In sum. suppression of monoatamic rascals or control, cf contr<dIiBg maans is eocplained. 

the ion to radical generation ratio, whirfi has been difficult no. 2 schematically sbotps on anansemfmt of an esOdaa 
to amve at wi& Ac conventional heUoon wave plasma, 5 device accanUng to a Itat embodament of the piine^ 

bccoBies possible tiirou^ couta.1 of gas dissoclatton^ thus iavention- Ibed^g devicehas apcDoesdng chajiAri2, 

rendenng itposaMetoeffectplaMnaprocessmg witii higher ^ ^j^^ of t waU smfiice^ an nlper Ud 11 

accuracy. lit addition, suce such dissociation control may be "CZ-VZ—Tj^ir . .T^. ^ «« *«. «i 

lealized'by connectiag a pulse generating circuit In ci^t iff^ f Z.'^'^^^lf''''^'^ 
with the cuaent supply path to the high-ftequency antenna, ,„ snAa8^ii]lcMSttrf,andapQrt^ 
or by connecting a swMi in circuit iirith the mametic3 " «ctibtt off whiA ia m the fam of a cylinder 14 fanned of 

inqjressing system, high economic profitability may be quartz. On Ute outer pecipberal surface of the pcocsesslng 

achieved, thus cosAtibuting to higher pfcdsion in flie plasma «*an>ber 13 is placed a mnlti-tiun antenna IS. 

processing and Idg^ integration of semiconductor devices. Ilie inside space of the pcocessiiig chaniber 12 is evacu- 

BRIEF DESCaomON CXFUIE ra&AWINGS ated to a high vacuum by an evacuating sjratem, not shown, 

, . . via an evacuatmg pott 13. m the direction of an atxow A. and 

l^^^^^J^'IV'^ "^^^^ ^ is fed with a gas required for dry etching via a gas supply 

statemwhicfa ^dedddngiamdiicedin aWflhndunngdry duct 20 opened in Ifae bottom surface inthe dlre^on 

SlX^^l^^lSf"^ MtewoBiKct Uyer In ^ processing chamber 12 also indudes an 

_ ,™ , . - . elfictricaUy conductive substrate stage 19 electncaHy iso- 

^diment of &e pn^cnt imJ&HL °" the subsficate stage 19 To the substrate 

EK3S. 3AaBd3© iltastnite a second embocSinciit of Ihc '*^ft,?^ '^''1^^^^^^^'^ ^1"^"^ 22. via a second 

present iHVei>lion, whec^in ITO. 3Ais TT^^^ w^"^S?^ ^ 

sectional view showing the state of a wafer prior to cteto 35 ^l^^ wafe: W for ointollmg 

during the process of diy etching of an SiO^ iuteday^ '"^^^ inductively coupled plasma P^. The RF power 

insulating liliiL ^ » * ^ source for Was i^^rtication 22 is srt l» a frequency 

FIG. 3B is a schematic cross-sectional view ^howii^ the MHz. 

state of the wafer after a contact hcile Is boxed Hmwgh the mast significant feature of the ptesent device is tiiat 

SiOj^interlaycr insidatlng film. a puUse generating circuit 17 is provided in a current supply 

FIG. 4 is a schematic ciassnsccdonal view showing a system to Oie imilti-tum antenna IS. That is, the high- 
typical structure of a helicon wave plasma etching device frequency current generated in an RF power source for 
having high frequency electiical field oontcoljoeans accord-* plasma excitafion 18 is switched by a pulse signal of a 
ing to a third enobodhment of the present invention. desired period and a desired duty ratio» generated by a pulse 

FEG. 5 is a schematic eross-secdoHal view showing a 3^ generating circuit 17, and the ^us switched higjh frequency 
typical structure of a helicon wave plasma etching device current is supplied via an impedance-matching ifirst match- 
having magnetic field control means according to a fifth n^ork M/N 16 to the multi-turn antenna IS. The BP 
embodiment of the present invention, and spectficaU^ show- power source for plasma excitation 18 is set to the frequency 
ing the state in wMcfa a hdicoii wave plaama Pj^ has becm ^ 13.56 MHz. 

induced. ^ R^ening to PEGS. 3Aand3B, asecond emhodimentof 

FIQ. is a schematic caroBs-sccttanal view showins die the present invention is explaiaed. 

state in which an Inductively coupled plasma Plhas been Li the pcesem emboditnei^ an SiO;r i^^^l^yer insulating 

^lu^ed. mm was etdied usuig the ICP etching device explained in 

FKtS. 7A and 7B ilhistrate a sixth cmbodmient of the connection with Example 1. 

present inv^ition, wherein PIG. 7A is a schematic cross- 45 PEG. 3A shows ftiG cross-section of an essential p<Htton of 

secdonal view showing the state of a wafer prior to etdbing a wafer etiqiloyed as an etehing san^le in the present 

during the process of dry etching of an Al-based int^rcon- embodiment. The wafer includes a single crystal Si substrate 

"ectfilitt- 41«on wliich an impurity diffusion l^er 42 is formed as an 

FIG. 7B is a schematic cross-secttonal view showing the underlying interconnection layer. On this substrate 41 is 

state in which die Al-based intetconncctiait l^er has been 50 laminated an SiO^ interlayer insulating film 43 by^ for 

etched anisotcopically. . exan^le^ CVD and, on the interlayer insulating film, there is 

FIG5< 8A to 8C illustrajte a seventh embodiment of the fanned a resist mask 44 patterned by, for exanqple, KtF 

present invention, where PIG. 8A is a schematic cross- exdmer laser lithography. 

sectional view showing the state of the wafer prior to etching This wafer was set on the substrate st^e 19 of the etching 
during the process of dry etehing of an Al/W based lami- 55 device e^qplained in connection with Exan^ile 1, and the 
nated interconnect filnL SiOj^tcriayer insulating film 43 was etehed under typical 
EtG. SB is a cross-sectton^ view showing the state in conditions of the c-C4Fa flow rate of 50 SCCM, a gas 
which a TiON antireflection fihn and an Ai-1% Si film pressure of 0.13 P&, a source power of 2,000 W (13.56 
shown in PIG, 8Ahave been etched. MHz), an RF bias power of 250 W {13-56 MHz) and a 
FTG. 8C is a schematic cross-secdonal view showing the ^ substrate stage temperature of -50'* C. whidi was mahi- 
state in which a W film and a barrier metal layer of HIO. 8B tained using an alcoholic cooling medium, 
have been etched. If the conventional ICP etching device is en^loyed^ 
DETAn nn nTOPRHWiw rsPTm sufficient Si selectivity could not be achieved widi the use of 
P^^S^SSrS^i^ ^-^^B ^"""^^^ considerablehardware artifices were 
PREFERRED EMBODIMENTS ^ required, such as ihe upper lid 11 behig fanned of polysili- 
Refcrcmg to the drawings, preferred embodiments of the con containing impurities at a high concentration and heat- 
present invention will be explained in detaU. ing of the upper lid Jl. Conversely, with the present 
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embodiment, c-C^F^ dissodation could be controlled satis- The most signMcaat featuie of the present device is that 

factocQy by simply connecting the pulse generating circuit a pulse generating drcuit 65 is provided in a current supply 

17 in drcuit with the cuirent supply system^ such that a system to the loop antenna 52. That is, the high-firequency 

contact hole 43a having a satisfactory cross^sectiohal profile cuirent generated in an RF power source for plasma exci- 
could be formed with high reproducibility, as shown in FIG. s tation 68 is switched by a pulse signal of a desired penod and 

3B. Hie Si selectLvify amounted to 50 oir higher. a desired du^ ratio, generated by the pulse generating circuit 

Re&nmg to FLG. 4, a third emfaadjmcnt of the present ^5, and the thus switehed high frequency cuirent is supplied 

invendon is explabied. via an in^danoe-matching first matching network M/N 64 

nie present imibodimem leto to a typical atcangement ^ ^^J'^Jf^^^l^i'' ^ ^"^"^.f^^ ^^"^ 

of a hdicon wave plasma etching dCTfcThaving high- ^citation 66 is set to the frequency of 13-56 MHz, 

frequency dectiical field controlling means. lefctring to FIG. 4, a fourth embodiment of fho 

Fia 4 schematicaUy shows the present etchii^ device present invention is explained, 

having a plasma source made up of a bell jar 51 of an The sample wafer eniployed in the pramtemfaodu^ 

electrically nonconductive material for genexating a helicon similar in constmction to that explained in FIG- 3. 

wave plasma P^^ a loop antenna 52 having two loops This wafer was set on the substrate stage 59 of the 

endrcHng the beU jar 51 fca: coupling the high-frequencrj^ above^descdbed etching device and the interlayer insulatiiig 

power (RF power) to the plasma, and a solenoid coll 58 film 43 was etched under typical conditions of the c-CiFs 

mounted for encircling die bell Jar 51 for generating a fiow-rate of 50 SCCM, a gas pressure of 0.065 Pa, a source 
magnetic field extending along the axis of the brfl jar 51- ^ power of 2,000 W (13-56 MHz), an fiF bias power of 150 W 

The beU jar SI is fomied of, far exasiple, quartz. (13.56 MHz) and a substxaie stage texoperamre of -50** C, 

The solenoid coil 53 is of a dual stmctaws and is oomr maintamed using an alcohoUc cooling medium, 

prised of an inner sotoiQid coil 53a niamly oontnbotiiis to '^f P"^''^ t^lTlc*^ ^J^^ generated by the 

fi» propag^tian of the hdicon wave andii out^ soWd P^ke^neratmg drcuit 85 w€re set to 60 psec and 50 usee, 
coil 532»niaiiilyoantdbiitittg to tbe transport of the helioon 25 ^^^P^veiy, 

wave plasma ^ helicon wave plasma etching device is employed, 

Theupperandlowerloops of theloop aiitemia52havethe ^^^t^ selectivi^ <^uld not beaded with fee use of 

cnirentflowingthroughinn«ituaUyoppositedirections.The c-CyPj alone, sudx that deposiuve GHJF^, which are not 

distance between the two loops is optimized d(%»aidhig on Jf' ^* *^''f par^c Isvd and 
the desired number of the he^ waves/ 30 xej-roduobflity. Hov^^^ 

* speaes such as CSV or CF^* could be generated hy 

The beU jar 51 is a)nnected to a processmg cham^ contollmg dissodatiott of <^CJF, for supprasaing 

forj^eadmg out the hd^n wave ph^^ geneiationaf F*. Inlhismanii^T^ 



of the processing chamber 57 along the divergent magnetic 



a sattfifactoEy cross-secdonal shape could be foimed with 



field J^med by the solendd coil 53. The piw:cssmgch hirii leprodudhiHly. with Si sebcthdiy of 50 w 

ber 57 has its sidewall surfecc and flie bottom surface shovmSFKj 3B 

foimed of an dectcically conductive material, sudi as stain- _ . * _ .-^ . „ ^ - 

less steeL The mside space of the processing chamber 57 is Rerernng to ETGS. 5 and 6, a fifth emibodmicnt of file 

evacuated to high vacuumin die direction of an anew C via P^'^^* mventron is e^laincd 

an evacaating port 58 by an evacuating system, not shown, The .present embodiment refers to a ^^cal arrangement 
while bemg fed with a gas required for dry etchii^ in fiie ^ of a helicon wave plasma etching device having magnetic 

direction shown by an arrow D via a gas supply duct 55 field controlling means. 

opened in file uppe^ lid 58. The processing chamber is FIG, 5 schematicaUy ^ows an asangement of the present 

connected to a load lock; chanaber, not shown, vIbl a gate etching device. The parts common to those of fiie third 

valve & formed in its sidewall surface. enubodiment are not specifically expEainedL 

Within the huide of file processing chamber 57 is acoant- In distinction fixm fiie device of the finrd endKidin!ie^ 

modated an deddcally conductive substrate stag^ 59 dec- the present dcviceis not provided wl& fhspulsD generating 

tcically insulated from the wall surface of die diamber 57. A circuit 65 in circuit with fiie power supply system to the loop 

wafer Was a substrate to be dry etdied is set on fin substrate anteiuia 52 and is BuppHed at aU times wifii the high- 

5ti@e 59.' The substrate stage 59 is fitted with a cooling £Deqnency cunent ixom an RF source forj^asma exdtafion 

piping tiO by means of which it is supplied widi a cooling 66, 

medium£:om a chflleTy not showny diculated in the ditecfion a solenoid ooiL 53 is fed with the cuirent firom a dc source 

of anowB Bl^, for ™iiitjiiiiiiig tbs wafer W being 68 via a switch 67. 

laocessed at a desired temperatnro. if ^ vvifii the pccsent device, the switch 67 is turned on, as 
To the substrate stage 59 is connected an 3RF power source 55 shown in FIG.5, and the current is supplied to the solenoid 

62 via a second matching network M/N 61 for controlling coil 53 fixun a dc source 88» a helicon wave plasma Pj^ iB 

the energy of ions inddent fiom inside the plasma. The Rf generated in the befi jar 51. Conversely, if the switch 67 is 

power source 62 is set to die frequency of 13.56 Hz. turned aS, as shown in FIG. 6, th^e is jaroduced no magnetic 

On the outer side of the processing chamber 57 is fieldinthcbdljar51, such that no helicon wave plasma is 
arranged a magnet 54 for generating a muLd-cusped mag- 60 generated. However, since the higih-&Bquency current is 

nelic fidd, as an auxiliary magnedc field generating means, continuously supplied to the loop antenna 52, an inductively 

for converging the divcEgent magnetic &dd in the vicinity (rf coupled plasma P, is induced in the bdl jar 51, Thus the 

the substrate stage 59. The magnet 54 may also be mbounted present device can be pron^tiy switched to die helicon wave 

at some other position than outside the processing chamibcr, plasma Pjc, or to the inductively coupled plasma P^ respon- 
sudi as around a support pillar for the substrate stage 59. Hie 65 sive to the on/off state of the switch 67* 

zn^gnet may also be replaced by a solenoid coil for gener- Refemog to FKrS. 7Aaiid7B» a sixtfaembodimont of the 

atrng a muror iidd. pireseiit inveiitioii is explaiuedL 
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In the present embodiiuent, aa Al-based interconnectioii of a Ti film 82 and a TiN film deposited in this order looking 
layer was etched using the helicon wave plasma etching from the lower layer side. 

device of the fifth cmbodauent described above. The etdnng The resist mask 89 is formed with a pattern 0.25 |un in 
process is explained by referring to FIGS. 7A and TB, ^idlh fay excimer lasCTli&ogjaphy en^ilaying a chemir 

FLQ. 7 A shofwSy in cross-sectidn, a wafer employed as an cal ampHficatiQn resist materiaL 
etchmg sample for flic present embodlmenL TTic wafcx Ttas wafer was set on the substrate stage 39 of the 
ocmaprisesanSlOjiflnterlayeriiualattngfilmTionwhichan above-described dry etching device and the HON anti- 
Al-based Interconnection layer 77 and a resist mask 78 reflection fOm 87 and the Al-based interconnection layer 86 
havmg a pre-set pattern are formed in this order. Ihe lo were etched under the mixed Pj^-P^ mode under typical 
Al'based interconnection layer 37 is made up of a Ti-based conditions of the BCI3 flow rate of 20 SCCM* da flow rate 
barrier metal layer 74, an Al-1% Si fihn 73 and a TION of 40 SCCM, an flow rate of 10 S<XM, a gas pressure 
anti-ieflection film 78, deposed in this order. The Ti-based of 0,05 Pa. a fiouroc power of 2500 W (13-56 MHz), an RF 
barrier metal layer 74 is made up of a Ti fihn 72 and a TKN bias power of 100 W (13-56 MHz) and a substiato stage 
film73, depositedin this order iDoMngfiomthclower layer " temperature of 40*> C. Hie current supply thmng to Ihc 

solenoid coil 53 for establishing the mixed P^P/ mode as 

The resist mask 78 is formed with a pattern 0.25 pm in ^splained in connectton with the sixth embodimciit was 
widthfay KrFexdmer laser Uthography employing a chemt^ used. 

cal amplification resist material. 20 Dming this process, M^i-^eed amsotropic etching pro- 

This wafer was set on the substrate stage 59 of ttie fifth oeeded by the ion-assist meciiamsm, and a TiON anti- 
embodiment and wifli each of the on-state and the cfif-state reflection film pattorn 87fl and an Al-1% Si fitlm pattern S8a 
of the switch 67 of five seconds, that Is with the dirty cyde were produced, as shown in FKJ. SB. 
of 50%, the Al-bascd interconnection layer 77 was etched ^ Then, for etching theremaming W film 85 and the barrier 
under typical conditions of the BCI3 flow rate of 20 SCCM, metal l^er 84 using only the heUoon plasma P«. the switch 
Cla flow rate of 40 SCCM, an flow rate of 10 SCCM, a ^7 was turned on and the etchmg was canied out under 
gas pressure of 0.05 Pa, a source power of 2500 W (13.56 iflusirativc conditions of the SFg flow mte of 40 SCCM, an 
MHz), an RF bias power of 100 W (13.56 MHz) and a Ojflowrateof 10 SCCM, a gas pressure of 0.05 Pa, a source 
substrate stage temperature of 40" C. 30 power Qf2500W (13.56 MHz), an RF Was power of 150 W 

The crucial ptocess of the praent etching is the etching (2 MHz) and a substrate stage ten^erature of 40** C. 
process of the Al-l* Si film 75. Smce the ebdiing of the The above-described anisotropic etching of the Al/W 
Al-1* 1% Si film 75 proceeds essentiaUy under the radical based lammated interconnection layer can be earned out 
mode, a sufficient eix^ rate couOd not be obtained with the 33 with considerable technical difSculties and side etching is 
conventional hrficon plasma etdnng device because of usually produced in the W film «S with the conventional 
shortage ofradical components. Conversely, smce etching m etching ^vocess as shown in FIG. 1, Howeva; wifli the 
the present embodiment proceeds under flie mixed P^P^ parcsent cmbodlmeut, the Al/W baaed lamuuited mtracon- 
mode, that is the Pj^, mode and the P, mode are repeated nection pattecn 88a having the satisfact^uy anisotropic shape 
alternately, the ion assist mechanism opaates c^ediveXy 40 as shown in FIG. 8C could be produced by canymg out the 
while thementoflowittessuicdischatgeofassuripg straight etching under mainly the ion sputtering mode under the 
proccedmg diacacteristics of active species and snppressmg ion-rich helicon wave plasma P„ widiout produdng under- 
the micro.lDadmg effects is exploited. cuts even during over-etcMng. 

Tlie result is that an Al-based interconnection pattern 77« ^5 The present invention is not limited to the above- 
havmg a satisfactory shape anisotropy as shown in FIG. 7B described seven embodimjents. 

has been formed at a higher etch rate of IpmAmnute. . Forexanqile,boththeRFpowersoun« for helicon wave 

Refernng to FIGS. SAto SC, a seventh embodtmene of tiio plasma excitation and the RF power somce for bias appli- 
present invention wfll be explalBcd. cation are set to the freqneacy of 13.56 MHz. However, such 

In the present embodiment, in etching flie Al/W based ^ frequency is merely illustrative. In addition, both the RF 
laminated interconnection layer using the helicon plasma power sources may be set to respective diffeient frequencies, 
etching device explained in connection with the fifth Especially, since spedfic ^rpes of electrons can be acceler- 
embodiment, the Al-1 % Si film and the W film were etched ated in the case of flie helicon wave plasma dqwnding on the 
under the mixed Pja-P/ mode and under the P^ mode., 55 irequencies employed, an optimum frequency can be 
respectively, Hiis process is explained by i^ieisiug to FIGSl selected depending on ifae ^ypc of the taigeted process. 

*^ Tlie current supply timhig to fliesoljefiQld coil or file duty 

In FICL 8A, a wafer angflaycd as an etddng wafer in the latio are also iaustrative and are aotlmnting the invention, 
present embodiment is scfaematicaUy shown in cross- In addition,the constitution of flie dry etching device or 
section, Ibe wafia: comprises an SiO^. interlayer insulating ^ the sample wafer car details of the dry etching conditions can 
iilm 81 on which an Al/W laminated interconnection layer be changed as deshred. 
88 is formed, and a resist mask 89 patterned to a pre-set What is claimed is: 

shape is formed thereon. The Al-W based laminated inter- 1* Amethod for plasma processing a substrate con^pdaing 

connect iilm 88 is made up of all-based banier metal layer ^ the stqss of: 

85, an Al-1% Si layer 88 and a TION antin^ection layer 87, ptovEding a vacuum vessel; 

in this order. The -n^based bankx metal layer 84 is made up placing a substrate to be fxocessed in fha vacuum vessel; 
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introducing a process gas into said v^sel; 

generating an indactively coupled plaima in saM vacaom 
vessel by providing a liigh foquency eilectric fidUi in 
th& vessed suffideiit to careate an indactively coupdrai 

g^imling a heiUcoa wavepilasiiia in &e vacaom vessel by 
pffoviding a magqelic field in the vessel saffident Id 
careate a heUcon wave plasma; 
controlling the ratio of ions to radicals in the plasma by 
switching the magnetic fi^ on and of such that when 
the magnetic field is on a higher xado of ions to radicals 
is provided and when the magnetic field is off, a lower 
ratio of ions to radicals is provided; and 
contacting said substrate with said helicon wave plasma, is 
2. Amethod as defined in daim 1» further comprising ^e 
step of controlling dissociation of the process gas to mono- 
atomic radicals and ions by switching the high frequency 
electdc iield on and off pedodicatly in a manner i^^iich 
maintains the indactively coiipled plasma and promotes 20 
fonnation of pdyatoimic radicals and ions monoatomic 
radicals and ions. 



3. Ametiiod, as defined in daim 1, wherdn the substrate 
is exposed to the helicon wave plasma in whidi the ratio of 
ions to radicals is contraaied fay switdiing the magnetic field 
on and off periodically for a first period of time and 
thereaftier the substrate is exposed to ion-iicfa helicon wave 
plasma wherein the magnetic field Is nudntained in a 00a- 
tinuous on condition for second period of time. 

4. A method as defined in daim 1, wherein the sut^trate 
is exposed to ion-ridi hdicon wave plasma for a first period 
of time by maintaining the magnetic fidd in a continuous on 
condjUion and thoreafler the substrate is exposed to the 
helioon wave plasma in whkh the ratio of ions to ladicals is 
coattxblled by switdiing the magnetic fidd on and off peri- 
odtcally for a second period of time. . 

5. A method according to claim 1« wherein fiie substrate 
includes a siHcon ooinpoand disposed hereon., the process 
gas is a flaorocaibon gas and the substiate is dry etdied in 
the p j^igi™ processing. 



